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Background: People with osteoarthritis (OA) frequently report that their joint pain is influenced by weather
conditions. This study aimed to examine whether there are differences in perceived joint pain between older
people with OA who reported to be weather-sensitive versus those who did not in six European countries with
different climates and to identify characteristics of older persons with OA that are most predictive of perceived
weather sensitivity.
Methods: Baseline data from the European Project on OSteoArthritis (EPOSA) were used. ACR classification criteria
were used to determine OA. Participants with OA were asked about their perception of weather as influencing their
pain. Using a two-week follow-up pain calendar, average self-reported joint pain was assessed (range: 0 (no pain)-10
(greatest pain intensity)). Linear regression analyses, logistic regression analyses and an independent t-test were used.
Analyses were adjusted for several confounders.
Results: The majority of participants with OA (67.2%) perceived the weather as affecting their pain. Weather-sensitive
participants reported more pain than non-weather-sensitive participants (M = 4.1, SD = 2.4 versus M = 3.1, SD = 2.4;
p < 0.001). After adjusting for several confounding factors, the association between self-perceived weather sensitivity
and joint pain remained present (B = 0.37, p = 0.03). Logistic regression analyses revealed that women and more
anxious people were more likely to report weather sensitivity. Older people with OA from Southern Europe were more
likely to indicate themselves as weather-sensitive persons than those from Northern Europe.
Conclusions: Weather (in)stability may have a greater impact on joint structures and pain perception in people from
Southern Europe. The results emphasize the importance of considering weather sensitivity in daily life of older people
with OA and may help to identify weather-sensitive older people with OA.
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Osteoarthritis (OA) is a degenerative joint disease, which
is mainly characterized by damage and loss of articular
cartilage and changes in adjacent bone, including osteo-
phytes and subchondral bone sclerosis [1,2]. OA is the
most common cause of chronic pain in older persons and
the leading cause of disability [3]. People with OA fre-
quently report that the severity of their pain is influenced
by weather conditions [4]. The impairment of well-being
and/or incidence of symptoms or exacerbations of diseases
related to weather is termed weather sensitivity [5]. Re-
search on the effect of self-perceived weather sensitivity
on joint pain in people with OA is scarce. Knowledge
gained on the perceived influence of weather on joint pain
in older people with OA could be applied in the develop-
ment of coping strategies for dealing with joint pain
and climatologic conditions in this disease group. The
present study aims to examine whether there are differ-
ences in joint pain between older people with OA who
reported to be weather-sensitive and those who did not
in six European countries with different climates.
Research on the perceived influence of weather on pain is
mainly conducted in chronic pain patients and diagnostic
differences in subgroups of patients are rarely examined
[6,7]. Jamison et al. [6] investigated the differences in the
perceived influence of weather on pain among 558 chronic
pain patients, living in four different climates in the United
States of America (USA). The most frequent complaints in
this group were lower back pain and arthritis. Cold and
damp weather conditions were perceived to influence
pain most. The weather-sensitive and non-weather-
sensitive chronic pain patients did not differ in self-
reported pain intensity. Notably, chronic pain patients
who had been told that they had arthritis tended to
report greater weather sensitivity to weather changes.
However, the diagnoses were based solely on self-
report, without objective medical confirmation.
In an Australasian study, Ng et al. [8] found that the
majority of OA-patients reported weather sensitivity. Vari-
ous physiological and psychological explanations have
been offered for the greater sensitivity to weather in OA-
patients [6,8-10]. It has been suggested that because
tendons, muscles, bones and scar tissues are of varied
densities, differential expansions and contractions due
to atmospheric changes results in pain at sites of micro-
trauma [6,8]. In addition, alterations in temperature
may increase stiffness in the joints and may trigger sub-
tle movements that can heighten a nociceptive response
[6,9]. It has also been suggested that weather affects
mood, resulting in an alteration of pain perception
[6,8-10]. Negative mood is associated with high levels of
pain in people with OA [11,12]. Rainy weather condi-
tions may adversely affect mood and thus may indirectly
affect pain perception.The specific objectives of the present study are: (1)
to examine whether there are differences in perceived
joint pain between weather-sensitive and non-weather-
sensitive people with OA in six European countries
with different climates; and (2) to identify characteris-
tics of older persons with OA that are most predictive
of perceived weather sensitivity.
Methods
Design and study sample
Baseline data from the European Project on OSteoArth-
ritis (EPOSA) were used. The EPOSA study focuses on
the personal and societal burden of OA and its determi-
nants in older persons. A detailed description of the
study design and data collection of the EPOSA study is
described elsewhere [13]. In summary, random samples
were taken from existing population-based cohorts in
five European countries (Germany, the Netherlands,
Spain, Sweden and the United Kingdom (UK)). In Italy,
a new sample was drawn. A total of 2942 respondents
(response rate, ranging from 64.6% to 82.2%, averaging
72.8%) were included. The age-range was between 65-
85 years in most countries except for the UK, which had
an age-range of 71-80 years. All participants were inter-
viewed by a trained researcher at home or in a clinical
center, using a standardized questionnaire and a clinical
exam. The interview lasted about one and a half hours.
All participants completed an informed consent. For all
six countries, the study design and procedures were
approved by the Medical Ethics committee of the re-
spective centers (Germany: Ethical Committee of Ulm
University; the Netherlands: Medical Ethical Committee
of the VU University Medical Center; Spain: Ethic Com-
mittee for Clinical Research of University Hospital La
Paz of Madrid; Sweden: Ethics Board of Karolinska
Institutet; UK: The Hertfordshire Research Ethics Com-
mittee; Italy: Comitatio etico ULSS7).
In the EPOSA study, clinical classification criteria,
developed by the American College of Rheumatology
(ACR) [14], were used to determine clinical OA. The
ACR criteria for any clinical knee, hip or hand OA was
satisfied in 889 participants (31.7%). Of these partici-
pants, 727 persons completed all 14 days of the pain cal-
endar. Data on self-perceived weather sensitivity was
available for 712 subjects. These participants were in-
cluded in the final study sample of the current study.
The excluded participants with clinical OA (n = 177)
were older, lower educated and more depressed than
the included subjects. In addition, they had a lower
sense of mastery and used less (additional) pain medi-
cation than the included participants. The two groups
did not differ in sex, partner status, anxiety, body mass
index (BMI), number of chronic diseases and outdoor
physical activity.
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Dependent variable
Self-reported joint pain Joint pain was assessed pro-
spectively with a two-week pain calendar. After the
baseline-interview, participants were asked to complete
this pain calendar. Per day respondents indicated how
much joint pain they experienced on a 11-point rating
scale from 0 to 10 with 0 representing no pain and 10
representing the greatest pain intensity. For each re-
spondent, the average self-reported joint pain in the pain
calendar period was calculated as the sum of all noted
pain intensity levels divided by 14.Independent variable
Self-perceived weather sensitivity To assess self-per
ceived weather sensitivity, participants were asked which
specific weather condition(s) affects their joint pain.
There were four response categories: my joint pain is
affected by (1) damp/rainy weather, (2) cold weather,
(3) hot weather, and (4) my joint pain is not affected
by one of these weather conditions. Participants were
allowed to indicate more than one answer. Partici-
pants were considered as weather-sensitive persons
when, in their opinion, damp/rainy, cold and/or hot
weather affected their joint pain. Subjects who noted
that their joint pain is not affected by one of these
weather conditions were considered as non-weather-
sensitive persons.Potential confounders
Socio-demographic variables Prior studies revealed that
socio-demographic factors are associated with pain inten-
sity in people with OA [12]. Socio-demographic informa-
tion was obtained on participants’ age, sex, partner status
and education level. Partner status referred to whether
participants have a partner at the moment (yes/no). Edu-
cation was measured by the highest level of education
completed (elementary school not completed, elementary
school completed, vocational education/general secondary
education, and college or university education) and dichot-
omised into “better educated than secondary education”
(yes/no).Pain medication use
Pain medication use (yes/no) referred to the use of an-
algesics (ATC N02 subgroup) and/or anti-inflammatory
products (ATC M01 subgroup). In addition, partici-
pants were asked whether they used additional pain
medication on the day of pain report because of joint
pain. For each participant, the total number of days
on which they used additional pain medication was
calculated.Emotional distress: anxiety and depression
Emotional distress, such as anxiety and depression, is
associated with more pain in people with OA [11,12].
Anxiety and depressive symptoms were examined by the
Hospital Anxiety Depression Scales (HADS) [15]. HADS
is a self-report questionnaire comprising 14 four-point
Likert scaled items, 7 for anxiety (HADS-A) and 7 for
depression (HADS-D). Both scales have a range from 0
to 21. A higher score on the HADS-A and HADS-D
indicates greater anxiety and depression respectively.
Mastery
Mastery is the extent to which individuals consider them-
selves to be in control of events and ongoing situations
[16]. Mastery is considered as a psychological resource
when coping with stressful life events. A high sense of
mastery reduces psychological distress and therefore it
may affect pain perception in people with OA.
Mastery was measured by means of an abbreviated
6-item version of the Pearlin Mastery Scale [16]. The
questionnaire consists of six statements such as “I can
do almost everything, if I want to”. Response categories
range from 1 = strongly disagree to 5 = strongly agree. The
summed items range from 6 to 30, but for ease of inter-
pretation 6 is subtracted, so the final scale ranges from 0
to 24, with higher scores indicating more mastery.
Outdoor physical activity
It has been shown that physical activity is beneficial for
reducing pain in people with OA [17]. Physical activity
was measured using the LASA Physical Activity Ques-
tionnaire (LAPAQ), an instrument validated against diar-
ies and pedometer measurements in older persons [18].
Frequency and duration of activities over the past two
weeks were asked for walking, cycling, gardening, light
and heavy household work and a maximum of two
sports. In order to calculate the daily outdoor physical
activity, the frequency and duration of walking, cycling
and gardening were multiplied and divided by 14 days.
A total outdoor activity score was calculated in minutes
per day.
Body mass index
Body mass index (BMI) affects pain in OA-patients. Pain
increases with patients’ weight [19]. BMI was calculated
as weight in kilograms divided by height in squared me-
ters. Weight was measured to the nearest 0.1 kg using a
calibrated scale. Height was measured to the nearest
0.001 m using a stadiometer.
Number of chronic diseases
It has been shown that number of comorbid conditions,
including chronic diseases, influences pain in OA-patients
[12]. Number of chronic conditions was measured through
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or symptoms that lasted for at least three months or
diseases for which the participant had been treated or
followed by a physician: chronic non-specific lung dis-
ease, cardiovascular diseases, peripheral artery diseases,
stroke, diabetes, cancer, and osteoporosis. If participants
answered “yes” then they were asked to specify which
diseases or type. Chronic conditions were evaluated as
the number of diseases and multimorbidity was defined
as the occurrence of 2 or more coexisting conditions.
Local climate
Local climate of the residences of the participants in the
six population-based cohort studies were classified by
the Köppen-Geiger climate classification system. The
Köppen-Geiger climate classification system is applied
in various disciplines and is the most frequently used
climate classification system in the world [20]. Based on
criteria about vegetation, annual and monthly precipita-
tion and temperature, this classification system distin-
guishes thirty possible climate types [21]. In the current
study, three different climate types were classified. The
residence locations of the participants in Germany,
Italy, the Netherlands and the UK are characterized by a
temperate warm climate without dry seasons and a
warm summer (relatively warm and wet climate). The
residence location in Spain is characterized by a temper-
ate warm climate with a dry and hot summer (relatively
warm and dry climate). The Swedish residence locations
represent a cold climate without dry seasons and a
warm summer (relatively cold and wet climate).
Seasonal weather patterns
Seasonal weather patterns affect pain perception in
weather-sensitive people. Additionally, weather patterns
may influence mood in certain individuals and thereby in-
directly affect pain perception [9,10]. The season (spring,
summer, autumn or winter) in which the pain calendar
is completed by the participant may have an effect on
pain perception in older people with clinical OA. Informa-
tion was obtained concerning the astronomical season in
which participants completed their pain calendar.
Statistical analyses
Differences in characteristics between weather-sensitive
and non-weather-sensitive participants were examined
with independent sample t-tests for continuous data and
chi-square tests for categorical data. Differences between
weather-sensitive and non-weather-sensitive persons were
tested with a Mann-Whitney U test for skewed continuous
variables. Descriptive analyses were used to examine the
percentages of weather-sensitive persons who reported to
be sensitive to a particular weather condition or a combin-
ation of specific weather conditions.To examine differences in self-reported joint pain be-
tween weather-sensitive and non-weather-sensitive people
with clinical OA, an independent sample t-test was per-
formed. Self-perceived weather sensitivity and self-reported
joint pain were used as independent and dependent variable
respectively. Linear regression analyses were performed
to correct for socio-demographic characteristics (sex, age,
partner status, education and country) and other potential
confounders (anxiety, depression, mastery, outdoor phys-
ical activity, medication use, BMI, number of chronic dis-
eases, seasonal weather patterns and local climate).
Logistic regression analyses were performed to deter-
mine those variables that best predicted self-perceived
weather sensitivity. First, each variable was examined for
significantly predicting self-perceived weather sensitivity.
Subsequently, all variables with a p-value below 0.20
were included in a multivariable model. Level of signifi-
cance was α = 5.0%. Statistical analyses were performed
in IBM SPSS Statistics (version 20.0).
Results
The mean age of all 712 participants with OA was 73.5
(SD = 5.5) years. Of all participants, 484 (72.0%) were
female and 469 (67.2%) participants reported that wea-
ther affects their joint pain.
The characteristics of weather-sensitive and non-
weather-sensitive participants are presented in Table 1.
The weather-sensitive participants were more often
female and lower educated. They had a lower sense of
mastery and were more anxious and depressed compared
to the non-weather-sensitive participants. The weather-
sensitive participants used additional pain medication on
more days than the non-weather-sensitive participants.
Weather-sensitive and non-weather-sensitive subjects did
not differ in age, partner status, BMI, number of chronic
diseases and outdoor physical activity.
Self-reported joint pain
Participants who were weather-sensitive experienced
significantly more joint pain than non-weather-sensitive
subjects. Weather-sensitive and non-weather-sensitive
participants reported an average self-reported joint pain
of 4.1 (SD = 2.4) and 3.1 (SD = 2.4) respectively (see Table 1).
In all six countries, the weather-sensitive participants
reported higher joint pain intensities compared to the non-
weather-sensitive subjects (see Table 1). After adjustment
for socio-demographics and country only, the association
between self-perceived weather sensitivity and joint pain
remained present (B = 0.62, p < 0.01) (see Model 2 in
Table 2). In a fully adjusted model including age, sex,
education, partner status, country, (additional) medica-
tion use, anxiety, depression, mastery, outdoor physical
activity, BMI, number of chronic diseases and seasonal
weather patterns simultaneously, the association between
Table 1 Characteristics of the study sample (n = 712) stratified for weather sensitivity1
Weather-sensitive
participants
Non-weather-sensitive
participants
p-value
(n = 469) (n = 243)
Socio-demographic characteristics
Age in years (Mean (SD) (range)) 73.4 (5.6) (65–85) 73.7 (5.3) (65–85) 0.46
Sex (female) (n (%)) 339 (75.9) 145 (64.0) <0.01
Education (≥ secondary education) (n (%)) 199 (42.9) 150 (61.1) <0.001
Partner status (yes) (n (%)) 305 (64.2) 159 (63.9) 0.91
Psychological characteristics and physical activity
Total HADS–A score (0–21) (mean (SD)) 6.5 (4.3) 4.9 (3.7) <0.001
Total HADS–D score (0–21) (mean (SD)) 4.8 (3.5) 4.0 (3.4) <0.01
6–item Pearlin Mastery score (0–24) (mean (SD)) 15.5 (5.1) 17.0 (4.7) <0.001
Outdoor physical activity in minutes per day (median (IQR)) 40.2 (18.6–84.2) 42.9 (21.4–74.6) 0.72
Health characteristics and body composition
Pain medication use (yes) (n (%)) 210 (44.8) 95 (39.8) 0.20
Number of days with additional pain medication (0–14) (mean (SD)) 5.4 (5.7) 3.8 (5.2) <0.001
Length in meters (mean (SD)) 1.62 (0.09) 1.63 (0.10) 0.02
Weight in kilograms (mean (SD)) 74.5 (14.4) 76.7 (14.7) 0.06
BMI in kg/m2 (mean (SD)) 28.5 (5.0) 28.8 (5.2) 0.55
Chronic diseases (≥2) (n (%)) 155 (32.6) 75 (32.1) 0.92
Local climate
Local climate: Cold and wet (n (%)) 83 (56.9) 66 (43.1) –
Local climate: Warm and wet (n (%)) 272 (67.7) 145 (32.3) –
Local climate: Warm and dry (n (%)) 114 (76.6) 32 (23.4) –
Joint pain perception
Self–reported joint pain (0–10) (mean (SD)) 4.1 (2.4) 3.1 (2.4) <0.001
Country: Sweden 2.7 (1.9) 2.0 (2.0) 0.04
Country: Germany 3.6 (2.1) 3.1 (1.4) 0.28
Country: Italy 4.3 (2.3) 4.0 (2.4) 0.57
Country: The Netherlands 4.0 (1.9) 3.0 (2.1) 0.01
Country: Spain 5.4 (2.5) 5.1 (2.8) 0.48
Country: United Kingdom 4.1 (2.6) 2.9 (2.3) 0.04
Season: Spring 4.4 (2.3) 3.5 (2.5) <0.01
Season: Summer 4.0 (2.3) 2.8 (2.4) <0.01
Season: Autumn 3.4 (2.3) 2.5 (2.2) 0.03
Season: Winter 4.6 (2.7) 3.3 (2.6) 0.01
1Descriptive statistics are weighted, n is non–weighted. The sample size may vary for some variables, because of missing values.
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p = 0.03) (see Model 3 in Table 2). If country was replaced
by local climate in the fully adjusted model, the association
between self-perceived weather sensitivity and joint pain
was still significant (B = 0.47, p = 0.01).
Self-perceived weather sensitivity and local climate
Among the 469 weather-sensitive participants, 184 (39.2%)
participants were sensitive to damp/rainy weatherconditions, 145 (30.2%) participants reported to be only
sensitive to cold weather and 23 (4.6%) participants were
sensitive to hot weather. One hundred seventeen partic-
ipants (26.0%) were sensitive to more than one weather
condition. Ninety-eight subjects (22.0%) were sensitive
to damp/rainy and cold weather. Seven (1.5%) partici-
pants were sensitive to rainy/damp and hot weather and
eight (1.6%) participants reported that they were sensi-
tive to cold as well as warm weather conditions. Only
Table 2 The association between self-perceived weather sensitivity and self-reported joint pain adjusted for potential
confounders
Models B Standard error p-value Explained variance (%)
Model 11 3.9
Self-perceived weather sensitivity 1.03 0.19 <0.001
Model 22 21.2
Self-perceived weather sensitivity 0.62 0.19 <0.01
Age 0.04 0.02 0.01
Sex: Male Ref. Ref. Ref.
Sex: Female 0.41 0.19 0.03
Education: < Secondary education Ref. Ref. Ref.
Education: ≥ Secondary education –0.38 0.20 0.05
Partner status: No partner Ref. Ref. Ref.
Partner status: Partner –0.24 0.18 0.19
Country: Sweden Ref. Ref. Ref.
Country: Germany 1.01 0.35 <0.01
Country: Italy 1.55 0.28 <0.001
Country: The Netherlands 1.10 0.28 <0.001
Country: Spain 2.52 0.28 <0.001
Country: United Kingdom 1.09 0.32 <0.01
Model 33 44.1
Self–perceived weather sensitivity 0.37 0.17 0.03
Age 0.01 0.02 0.76
Sex: Male Ref. Ref. Ref.
Sex: Female 0.08 0.18 0.65
Education: < Secondary education Ref. Ref. Ref.
Education: ≥ Secondary education –0.17 0.18 0.36
Partner status: No partner Ref. Ref. Ref.
Partner status: Partner 0.09 0.17 0.59
Country: Sweden Ref. Ref. Ref.
Country: Germany 0.79 0.34 0.02
Country: Italy 1.14 0.31 <0.001
Country: The Netherlands 0.51 0.33 0.12
Country: Spain 1.17 0.34 <0.01
Country: United Kingdom –0.01 0.34 0.98
Pain medication: No use Ref. Ref. Ref.
Pain medication: Use 0.29 0.17 0.09
Number of days with additional pain medication 0.20 0.02 <0.001
Anxiety –0.01 0.03 0.74
Depression 0.03 0.03 0.42
Mastery –0.06 0.02 0.01
Outdoor physical activity <–0.01 <0.01 0.50
BMI <0.01 0.02 0.94
Number of chronic diseases 0.29 0.08 <0.001
Season: Autumn Ref. Ref. Ref.
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Table 2 The association between self-perceived weather sensitivity and self-reported joint pain adjusted for potential
confounders (Continued)
Season: Spring –0.11 0.24 0.64
Season: Summer 0.26 0.25 0.31
Season: Winter –0.52 0.29 0.08
1The association between self–perceived weather sensitivity and self–reported joint pain unadjusted for potential confounders.
2The association between self–perceived weather sensitivity and self–reported joint pain adjusted for socio–demographics and country only.
3The association between self–perceived weather sensitivity and self–reported joint pain adjusted for socio–demographics, country and other
potential confounders.
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ther conditions: damp/rainy, cold and hot weather.
The percentage of weather-sensitive older people with
OA was the highest in a warm and dry climate (76.6%) and
the lowest in a cold and wet climate (56.9%) (see Table 1).
In a cold and wet climate and a warm and wet climate, the
weather-sensitive participants reported significantly higher
joint pain intensity compared to the non-weather-sensitive
participants (cold and wet climate: M = 2.7, SD = 1.9 versus
M= 2.0, SD = 2.0; p = 0.04; warm and wet climate: M= 4.1,
SD = 2.2 versus M = 3.2, SD = 2.1; p < 0.001; warm and
dry climate: M = 5.4, SD = 2.5 versus M = 5.1, SD = 2.8;
p = 0.48) (see Figure 1). The weather-sensitive partici-
pants in a warm and dry climate reported significantly
higher joint pain intensity (M = 5.4, SD = 2.5) compared
to those in a cold and wet climate (M = 2.7, SD = 1.9)
and a warm and wet climate (M= 4.1, SD = 2.2) (p-values
< 0.001) (see Figure 1). Weather-sensitive people with OA
who were living in a warm and wet climate reported sig-
nificantly a higher pain intensity level than those in a
cold and wet climate (M = 4.1, SD = 2.2 versus M = 2.7,
SD = 1.9; p < 0.001) (see Figure 1).Figure 1 Average self-reported joint pain of weather-sensitive and no
statistics are weighted. Error bars represent one standard deviation of the mPredictors of self-perceived weather sensitivity
As shown in Table 3, univariable models yielded six sig-
nificant predictors of weather sensitivity in older persons
with OA: sex, education, country, anxiety, depression and
mastery (see Table 3). In a multivariable model including
age and all significant predictors, sex, country and anxiety
remained significant predictors of weather sensitivity in
older people with OA (see Table 3). Women were more
likely to report weather sensitivity than men. More anx-
ious people with OA were more likely to be weather-
sensitive than less anxious people with OA. Participants
from Spain and Italy were more likely to indicate them-
selves as weather-sensitive persons compared to the sub-
jects from Sweden.
Discussion
This study aimed to examine whether there are differences
in perceived joint pain between weather-sensitive and non-
weather-sensitive people with OA in six European countries
with different climates and to identify characteristics of
older persons with OA that are most predictive of self-
perceived weather sensitivity. The results confirmed thatn-weather-sensitive persons in three climate types. Descriptive
ean. *p < 0.05; **p < 0.001; ns = not significant.
Table 3 Predictors of self-perceived weather sensitivity in older persons with OA
Predictors Odds ratio 95%-confidence interval p-value
Univariable models
Age 0.99 0.96-1.02 0.45
Sex: Male Ref. Ref. Ref.
Sex: Female 1.77 1.26-2.49 <0.01
Education: < Secondary education Ref. Ref. Ref.
Education: ≥ Secondary education 0.48 0.35-0.66 <0.001
Country: Sweden Ref. Ref. Ref.
Country: Germany 1.35 0.72-2.54 0.35
Country: Italy 3.81 2.26-6.43 <0.001
Country: the Netherlands 1.23 0.75-2.02 0.41
Country: Spain 2.50 1.52-4.12 <0.001
Country: United Kingdom 0.65 0.37-1.12 0.12
Anxiety 1.11 1.06-1.16 <0.001
Depression 1.07 1.02-1.13 <0.01
Mastery 0.94 0.91-0.97 <0.001
Multivariable model 1
Age 0.99 0.96-1.02 0.38
Sex: Male Ref. Ref. Ref.
Sex: Female 1.94 1.35-2.79 <0.001
Education: < Secondary education Ref. Ref. Ref.
Education: ≥ Secondary education 0.74 0.51-1.09 0.13
Country: Sweden Ref. Ref. Ref.
Country: Germany 1.33 0.69-2.55 0.39
Country: Italy 3.70 2.09-6.55 <0.001
Country: the Netherlands 1.35 0.81-2.25 0.26
Country: Spain 2.31 1.33-3.99 <0.01
Country: United Kingdom 0.74 0.42-1.31 0.31
Multivariable model 2
Age 0.99 0.96-1.03 0.61
Sex: Male Ref. Ref. Ref.
Sex: Female 1.72 1.18-2.50 <0.01
Education: < Secondary education Ref. Ref. Ref.
Education: ≥ Secondary education 0.74 0.50-1.10 0.14
Country: Sweden Ref. Ref. Ref.
Country: Germany 1.43 0.71-2.87 0.32
Country: Italy 3.14 1.63-6.03 <0.01
Country: the Netherlands 1.36 0.76-2.46 0.30
Country: Spain 2.47 1.31-4.67 0.01
Country: United Kingdom 0.68 0.36-1.29 0.24
Anxiety 1.08 1.02-1.15 0.01
Depression 0.95 0.89-1.02 0.17
Mastery 1.00 0.95-1.05 0.95
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joint pain than their non-weather-sensitive counterparts.
Women and more anxious people were more likely to re-
port weather-sensitivity. The results also revealed that older
people with OA from Spain and Italy were more likely to
report weather-sensitivity compared to those from Sweden.
Our study showed that weather-sensitive people with
OA reported more pain than non-weather-sensitive per-
sons with OA. After adjusting for several confounding
factors, the association between self-perceived weather
sensitivity and self-reported joint pain remained present.
Previous research in chronic pain patients revealed
conflicting results concerning differences in experienced
pain between weather-sensitive and non-weather-sensitive
patients [6,7]. In these studies, self-perceived weather sen-
sitivity in subgroups of chronic pain patients was not ex-
amined. This study focused especially on older people
with OA and confirmed that self-perceived weather sensi-
tivity is related to pain perception in this specific group.
Our study further showed that approximately two
thirds of the participants indicated themselves as
weather-sensitive. Most of the weather-sensitive people
with OA reported damp/rainy and/or cold weather as af-
fecting their pain. Hot weather conditions were less fre-
quently reported as influencing pain. Similar results have
been found in previous studies with chronic pain pa-
tients and rheumatology patients [6,8]. Several explana-
tions have been suggested to account for the effects of
damp/rainy, cold and hot weather conditions on pain
[6,8-10]. Changes in temperature and humidity may
influence the expansion and contraction of different
tissues in the affected joint, which may elicit a pain
response [6,8]. In addition, low temperatures may in-
crease the viscosity of synovial fluid, thereby making
joints stiffer and perhaps more sensitive to the pain of
mechanical stresses [6,9]. Another postulation is that
weather affects mood, resulting in an alteration of pain
perception [6,8-10]. This suggestion is not supported
by our findings. The weather-sensitive people with OA
were more anxious than those who were non-weather-
sensitive. However, the association between self-perceived
weather sensitivity and self-reported joint pain was still
present after correcting for several confounders, including
anxiety and depression. This suggests that emotional dis-
tress does not confound or mediate the association be-
tween self-perceived weather sensitivity and joint pain in
older people with OA.
Although most weather-sensitive older people with
OA reported to be sensitive to damp/rainy and/or cold
weather, the common belief that joint pain in OA be-
comes worse by living in a cold and damp climate is not
supported by our results. Our findings showed that
weather-sensitive older people with OA in a cold and
wet climate reported even lower pain intensity levelsthan those in a warm and wet or warm and dry climate.
Jamison et al. [6] found that chronic pain patients in a
colder climate did not report more pain than patients in
warmer climates and suggested that the body establishes
an equilibrium in relation to the local climate so that
changes in weather trigger an increase in pain regardless
of the prevailing meteorological conditions. Weather (in)
stability might be an explanation for the differences in
experienced joint pain between the three local climate
types, however this was not assessed in this study.
Our findings showed that sex, country and anxiety are
independent predictors of self-perceived weather sensitivity
in older people with OA. It was found that women were
more likely to report weather sensitivity than men. This
seems to be in line with the findings of Von Mackensen
et al. [5]. They found that women in the general popula-
tion report a strong influence of weather on their health
more often than men. Our results showed that more
anxious people were more likely to indicate themselves
as weather-sensitive persons. Possible explanations
could be that poor mood might increase subjective
complaints of pain or more anxious people with OA
might tend to blame their symptoms on something they
can understand but cannot control more than less anx-
ious people with OA [9]. However, our findings showed
that mastery is not an independent predictor of self-
perceived weather sensitivity in older people with OA.
The disease course of OA is often characterized by the
alternation of stable periods of varying length, charac-
terized by a low level or absence of symptoms with pe-
riods of flare-up or exacerbation [22]. The uncertainty
about the recurrence of pain may lead to anxiety in
people with OA and this might encourage the desire to
have an explanation for the worsening of their pain. As
a consequence, more anxious people with OA might be
more likely to report weather as a pain-generating fac-
tor than less anxious people with OA.
Our findings also revealed that older people with OA
from Spain and Italy were more likely to report weather
sensitivity compared to older people with OA from
Sweden. The climates in both Mediterranean countries
are warmer compared to the climate in Sweden [21]. As
a result, older people with OA in Italy and Spain may be
more often outside compared to those in Sweden and the
degree of exposure to the weather may vary between these
people. As a consequence, they may be more aware of the
effect of weather on their pain and are more likely to re-
port weather sensitivity.
Another possible explanation might be differences in
weather (in)stability between both Mediterranean coun-
tries and Sweden. Weather changes may have a greater
impact on joint structures and pain perception in people
from Southern Europe than in people from Northern
Europe. As a result, people from Spain and Italy may be
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http://www.biomedcentral.com/1471-2474/15/66more aware of the effect of weather changes on their
pain and are more likely to report weather sensitivity
than people from Sweden.
There are several strengths in this study. To our best
knowledge, the present study is the first large-scale
study that examines self-perceived weather sensitivity
and joint pain in older people with OA in Europe, cor-
recting for a wide range of confounding factors. Prior
studies were performed in the USA and Australasia
and were mainly focused on self-perceived weather-
sensitivity and pain in less specific groups [6-8]. The
current study used a population-based approach and
focused on one disease group. The assessment of clinical
OA was standardized across countries using the ACR
classification criteria. The current study increased insight
into the characteristics profile of weather-sensitive people
with OA in a general population of older persons across
Europe. This may help to identify weather-sensitive older
people with OA. Early treatment of weather-sensitive
individuals with OA using cognitive and psychological
interventions may reduce suffering and may help them
to maintain a functionally effective lifestyle [23].
Some limitations of this study have to be acknowl-
edged. Participants were considered as weather-sensitive
persons, when they indicated that damp/rainy, cold,
and/or hot weather affected their joint pain. If subjects
noted that their joint pain was not affected by one of
these weather conditions, they were considered as non-
weather-sensitive persons. This classification method did
not take into account whether participants’ joint pain
could be affected by other weather conditions, such as
changes in barometric pressure [6]. Furthermore, it is
important to acknowledge some caveats with regard to
the use of three local climate types. Two local climate
types were only based on one country each. Spain repre-
sented a warm and dry climate and Sweden represented
a cold and wet local climate. Only a warm and wet cli-
mate was represented by more than one country. Dif-
ferences in experienced joint pain between the three
climates may be due to other country-related factors.
For example, differences in socio-cultural factors across
countries may play a role [24,25].
Future research is needed to investigate actual versus
perceived effects of weather on pain in weather-sensitive
and non-weather-sensitive people with OA. In particular,
longitudinal, prospective studies are needed to evaluate
the relation of daily climatologic conditions to pain in
older people with OA. The use of objective weather data
may increase insight into the seasonal effects on joint pain
in people with OA and the differences between countries.
Conclusions
In conclusion, this study showed that the majority of older
people with OA in the general population believe thatweather affects their pain. Weather-sensitive older people
with OA experience more joint pain than non-weather-
sensitive older people with OA. Women and more anxious
people are more likely to consider themselves as weather-
sensitive. Older people with OA from Italy and Spain were
more likely to report weather sensitivity than those from
Sweden. Weather changes may have a greater impact on
joint structures and pain perception in people from
Southern Europe than in people from Northern Europe.
The current results emphasize the importance of con-
sidering weather sensitivity in daily life of older people
with OA and may help to identify weather-sensitive
older people with OA.
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